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(57) ABSTRACT 

A multiple function atmospheric pressure ion source inter 
faced to a mass spectrometer comprises multiple liquid inlet 
probes con?gured such that the sprays from tWo or more 
probes intersect in a mixing region. Gas phase sample ions or 
neutral species generated in the spray of one probe can react 
With reagent gas ions generated from one or more other 
probes by such ionization methods as Electrospray, photoion 
ization, corona discharge and gloW discharge ionization. 
Reagent ions may be optimally selected to promote such 
processes as Atmospheric Pressure Chemical Ionization of 
neutral sample molecules, or charge reduction or electron 
transfer dissociation of multiply charged sample ions. 
Selected neutral reagent species can also be introduced into 
the mixing region to promote charge reduction of multiply 
charged sample ions through ion-neutral reactions. Different 
operating modes can be performed alternately or simulta 
neously, and can be rapidly turned on and off under manual or 
softWare control. 
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Figure 2 
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Figure 4 125 
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Figure 9 
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ATMOSPHERIC PRESSURE ION SOURCE 
FOR MASS SPECTROMETRY 

RELATED APPLICATIONS 

[0001] This application is a divisional of US. application 
Ser. No. 11/396,968, ?led on Apr. 3, 2006, Which claims the 
bene?t of Provisional Patent Application No. 60,668,544 
?led on Apr. 4, 2005. 

FIELD OF INVENTION 

[0002] The invention relates to the production of ion popu 
lations at atmospheric pressure for subsequent Mass Spectro 
metric analysis of chemical, biological, medical and environ 
mental samples. 

BACKGROUND 

[0003] Mass spectrometer (MS) development and opera 
tion have consistently been directed to increasing analytical 
capability and performance While reducing complexity, unit 
cost and siZe. As mass spectrometry is applied to an increas 
ing range of applications, it is desirable to increase the ana 
lytical capability of a mass spectrometer While minimiZing 
the complexity of hardWare and operation. A multiple func 
tion atmospheric pressure ion source that minimiZes or elimi 
nates hardWare changes While alloWing user selected soft 
Ware sWitching betWeen different but complimentary 
operating modes, increases MS analytical capability and 
reduces the operating complexity of MS acquisition. The 
analytical capability of MS analysis increases With a multiple 
ioniZation mode source that alloWs detection of both polar 
and non polar compounds contained in liquid and solid 
samples. The invention combines Electrospray (ES) ioniZa 
tion, Atmospheric Pressure Chemical IoniZation (APCI), 
Atmospheric Pressure PhotoioniZation (APPI) and ioniZation 
of samples from surfaces and additional functions in one 
Atmospheric Pressure Ion (API) source With the capability to 
run such operating modes individually or in combination. 
Additional functions supported by the multiple function API 
source con?gured and operated according to the invention 
include charge reduction of multiply charged ions, Electron 
Transfer Dissociation (ETD) and the generation of calibra 
tion ions independent of the sample solution. Mass spectrom 
eters interfaced to atmospheric pressure ion sources have 
been employed extensively in chemical analysis including 
environmental applications, pharmaceutical drug develop 
ment, proteomics, metabolomics and clinical medicine appli 
cations. In combinatorial chemistry or high throughput bio 
logical screening applications, mass spectrometry is used to 
qualify purity of compound libraries prior to screening for a 
potential drug candidate as Well as the detection of screening 
results. The invention increases the analytical capability of 
MS analysis for a Wide range of applications While reducing 
the time, cost and complexity of analysis. 

Multiple Sprayer ES Sources 

[0004] An increasing number of multiple operating mode 
atmospheric pressure ion sources for mass spectrometry have 
become available on commercial instrumentation. Analytica 
of Branford, Inc. introduced the ?rst multiple Electrospray 
probe source that alloWed the spraying of different solutions 
individually or simultaneously With common sampling of 
ions through an ori?ce into vacuum for MS analysis as 
described in US. Pat. Nos. 6,541,768 B2 and 6,541,768 and 
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by Andrien, B. A, Whitehouse, C. and Sansone, M. A. “Mul 
tiple Inlet Probes for Electrospray and APCI Sources” p. 889 
and Shen, S., Andrien, B., Sansone, M. and Whitehouse, C., 
“Minimizing Chemical Noise through Rational Design of a 
‘Universal’ API Source: A Comparative Study”, p. 890, Pro 
ceedings of the 46th ASMS Conference on Mass Spectrom 
etry and Allied Topics, Orlando Fla., 1998, Whitehouse C. 
M.; Gulcicek, E.; Andrien, B. and Shen, S.; “RapidAPI TOF 
state SWitching With Fast LC-MS” and Shen, S.; Andrien, B. 
A.; Sansone, M. and Whitehouse, C. M.; “Dual Parallel 
Probes for Electrospray Sources”; 47thASMS Conference on 
Mass Spectrometry andAllied Topics, 1999 and Berkova, M., 
Russon, L., Shen, S. and Whitehouse, C. M., “Exploring 
Multiple Probe Techniques to Improve Mass Measurement 
Accuracy in Microbore ESI and APCI TOF LC-MS”, poster 
number 10, Montreux LC-MS Symposium, Montreux, SWit 
Zerland, 2004. Multiple inlet probes con?gured to operate 
alternately or simultaneously in one API source alloWs the 
generation of ions from multiple sample solutions or calibra 
tion solutions introduced alternately or simultaneously 
through the multiple inlet probes. Gas phase ion populations 
produced from different inlet probes can be mixed at atmo 
spheric pressure prior to sampling the mixed ion population 
into vacuum for mass to charge analysis. Ions generated from 
one inlet probe can be sampled into vacuum to provide inter 
nal or external MS calibration Without mixing With or con 
taminating a sample solution introduced through another 
sample solution inlet probe. In one of Analytica of Branford’s 
multiprobe ES source products, tWo independent Electro 
spray probes are con?gured in parallel With the ability to 
change the ion ratio mixture sampled from the tWo liquid inlet 
probes by changing solution concentration, liquid ?oW rate or 
small adjustments to the probe positions relative to the ori?ce 
into vacuum. Calibration ion generation can be sWitched on 
and off in sub second time frames by turning off nebuliZation 
gas and/or calibration sample liquid ?oW before, after or 
during LC runs to selectively introduce calibration peaks into 
acquired mass spectra. Analytica’s ES and corona discharge 
APCI multiple probe atmospheric pressure ion sources alloW 
the individual or simultaneous spraying from multiple solu 
tion inlet probes With individual or combined sampling of 
ions into vacuum. No mechanical adjustment of hardWare 
components is required for sWitching betWeen multiple func 
tions in the Analytica API sources during MS data acquisi 
tion. 

[0005] Multiple Electrospray probe ion sources Were sub 
sequently introduced as product by Micromass (“MUX-tech 
nologyTM”) in Which a rotating baf?e Was positioned betWeen 
the simultaneously spraying ES probes and the ori?ce into 
vacuum. The multiple ES sprays and the ion populations 
produced from the multiple sprays do not intersect and the 
baf?e alloWs only one ES spray at a time to deliver ions to the 
ori?ce into vacuum. In one operating con?guration, multiple 
outputs of LC columns are sprayed simultaneously from indi 
vidual pneumatic nebuliZation assist ES probes into a com 
mon ES source chamber. The rotating baf?e alloWs one spray 
at a time to deliver ions into the ori?ce to vacuum While 
blocking the remaining sprays. Each LC column outlet can be 
sampled in a multiplexed fashion With acquired spectra sorted 
by LC column sampling order. The detection duty cycle for 
each LC column output is reduced by the number of ES 
probes spraying simultaneously (up to 8 ES sprays) but does 
alloW acquisition by a single Mass Spectrometer from mul 
tiple parallel LC separations. The trade off is reduced LC-MS 
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system price (multiple parallel LC separations With one MS 
detector) at the cost of reduced duty cycle and reduced data 
point density per LC chromatogram. Micromass has intro 
duced a variation of the multiplexed sampling ES source 
(called “MUX-technology-Exact Mass”) in Which tWo ES 
probes are con?gured to spray simultaneously Where one 
spray introduces sample solution and the second spray intro 
duces a reference or calibration solution. A rotating baf?e 
prevents the tWo ES sprays from intersecting or mixing and 
alloWs only one spray at a time to deliver ions to the ori?ce to 
vacuum. The ES spray from the opposite probe is blocked. In 
this dual probe Electrospray ion source, calibration ions can 
be sWitched to enter vacuum during acquisition but not simul 
taneously With analyte ions to provide calibration reference 
peaks. SWitching the rotating baf?e to sample the calibration 
solution ES spray reduces the duty cycle of MS acquisition 
from the analyte ES sprayer. In the Micromass (currently part 
of Waters Corporation) API products, ions of the same polar 
ity generated from multiple inlet Electrospray probes are 
sampled from each inlet probe individually into vacuum for 
MS analysis but are con?gured to prevent mixing of ion or 
neutral molecule populations generated from different inlet 
probes. 

Multiple Inlet APCI Sources 

[0006] Simultaneously With the multiple ES probe ion 
source, Analytica introduced multiple sample inlet probe 
corona discharge APCI source described in the references 
given above. This multiple inlet probe APCI source alloWed 
the introduction of different sample solutions through sepa 
rate inlet nebulizers With corona discharge Atmospheric Pres 
sure Chemical Ionization. In one operating mode, the analyte 
sample solution is introduced through a ?rst pneumatic nebu 
lizer probe and calibration sample is introduced through a 
second pneumatic nebulizer probe. The calibration solution 
How can be rapidly turned on or off during acquisition to 
provide internal or external calibration in acquired MS spec 
tra. When the tWo solutions are sprayed simultaneously, the 
samples are mixed and vaporized in a common ?oW through 
the ACPI vaporizer heater, pass through a corona discharge 
and are ionized. 

Combination ES and APCI Sources 

[0007] Along With multiple inlet ES and APCI sources, 
Analytica developed combination ES and APCI sources 
Where separate ES and APCI probes can be operated sepa 
rately in time or simultaneously as described in US. Pat. Nos. 
6,541,768 B2 and 6,541,768. The ES and APCI probes Were 
con?gured With separate liquid sample inlets and the ion 
populations produced from each probe could be mixed prior 
to passing through the ori?ce into vacuum for MS analysis. In 
the Analytica combination source, Electrospray plumes inter 
sected the corona discharge region of the APCI probe and 
vaporizer When both inlet probes Were operated simulta 
neously. No mechanical movement of ES orAPCI probes Was 
required When sWitching to ES, APCI or combined operating 
modes. Recently, Agilent and Waters (Micromass) have intro 
duced combination ES and APCI sources con?gured With a 
single pneumatic nebulizer inlet probe con?gured to alloW ES 
or corona discharge APCI ion generation as reported by 
Balough, M. P. LCG North America, Vol. 22, No. 11, 2004, 
1082-1090 and Gallagher, R. T., Balough, M. P., Davey, R, 
Jackson, M. R., Sinclair, I. and Southern, L. J. Anal. Chem, 
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75, 973-977. Both combination source versions employ a 
corona discharge but the traditional dedicated APCI vaporizer 
heater has been eliminated. Agilent has added infrared heaters 
surrounding the nebulized ES spray to cause vaporization of 
the sample and Micromass has added an additional heated gas 
?oW surrounding the ES probe to aid in evaporating the 
sprayed liquid droplets. The surrounding electrostatic lenses 
in the Agilent combination ion source alloW a portion of the 
ES ions to reach the ori?ce into vacuum even While the corona 
discharge is turned on simultaneously producing ions through 
gas phase chemical ionization reactions. The Waters combi 
nation ES and APCI ion source, named the “ESCiTMMulti 
Mode Ionization Source” and described in International 
Patent Application Publication Number WO 03/102537 A2, 
operates by alternately and rapidly sWitching high voltage 
betWeen the pneumatic nebulization assisted Electrospray tip 
and the corona discharge needle positioned in the path of the 
same pneumatic nebulized spray, alloWing sequential sam 
pling of ES and APCI generated ions into the ori?ce into 
vacuum. The sampling duty cycle betWeen APCI and ES 
operation can be controlled by changing the duration of volt 
age applied alternately to the nebulizer tip (ES operation) and 
the corona discharge needle. Individual MS spectra are 
acquired in either ES or APCI operating modes using this 
Waters combination API source; hoWever, the ES and APCI 
operating modes can not be run simultaneously. 
[0008] The combination ions sources described above each 
have some loss in ES or APCI signal or duty cycle When run 
in combination compared With operation in ES or APCI only 
modes. HoWever, the ability to rapidly sWitch betWeen ion 
ization modes increases analytical capability for a given 
sample inlet Without the need to change hardWare from one 
ion source type to another. The earlierAnalytica multiple inlet 
ion source supports selective ES and APCI ionization of a 
sample solution. The Analytica multiple inlet probe ES and 
APCI source supports the splitting of LC output to both the 
ES and APCI inlet probes alloWing sequential or simulta 
neous ES and APCI ion generation by sWitching corona dis 
charge needle voltage on or off. The Analytica combination 
ES and APCI source also alloWs the introduction of tWo 
independent sample solutions, through the ES andAPCI inlet 
probes respectively, alloWing the gas phase mixing of ion 
populations from different solution compositions and ioniza 
tion modes. Agilent and Waters combination ES and APCI 
sources are con?gured With a single sample inlet probe. Nei 
ther alloWs the capability to generate a population of ions 
from a second inlet probe to provide a second population of 
gas phase reagent ions or reference ions for MS calibration 
during MS spectrum acquisition. 

Charge Reduction of Multiply Charged Ions at 
Atmospheric Pressure 

[0009] Charge reduction of multiply charged ions gener 
ated in Electrospray MS has been accomplished using several 
methods. These include: 

[0010] (a) changing the composition of solutions being 
Electrosprayed as described by Wang, G., and Cole, R. 
B., “Solution, Gas-Phase, and Instrumental Parameter 
In?uences on Charge-State Distributions in Electro 
spray Ionization Mass Spectrometry”, Electrospray Ion 
ization Mass Spectrometry: Fundamentals, Instrumen 
tation and Applications, edited by Richard Cole, John 
Wiley and Sons, Inc., 1997, Chapter 4, 137-174; Winger, 
B. E., Light-Wahl, K. 1., Ogorzalek Loo, R. R., Udseth, 
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H. R., and Smith, R. D., 1. Am. Soc. Mass Spectrom 
1993, 4, 536, -545 and Griffey, R. H.; Sasmor, H. and 
Grieg, M. 1.; 1.Am. Soc. Mass. Spectrom 1997, 8, 155 
160; 

[0011] (b) reacting positive polarity multiply charged 
ions With basic (deprotonating) neutral molecules in 
vacuum or partial vacuum as reported by Cassidy, C. 1., 
Wronka, 1., Kruppa, G. H., and Laukien, F. H. Rapid 
Commun. Mass Spectrom., 8, 394-400, (1994); OgorZa 
lek Loo, R. R., Smith, R. D., 1. Am. Soc. Mass Spec 
trom., 1994, 5, 207-220 and McLuckey, S.A., Glish. G. 
L. and Van Berkel, G. 1. Anal. Chem. 1991, 63, 1971 
1978; 

[0012] (c) charge stripping With Collision Induced Dis 
sociation (CID) in vacuum or partial vacuum; 

[0013] (d) reacting of multiply charged ions With ions of 
opposite polarity in ion traps in vacuum as reported by 
McLuckey, S. A., Stephenson, 1. L., Asano, K. G., Anal. 
Chem. 1998, 70, 1198-1202; Stephenson 1. L., 
McLuckey, S. A., International Journal of Mass Spec. 
and Ion Processes, 162, 1997, 89-106; Stephenson, 1. L., 
McLuckey, S. A., Anal. Chem, 1998, 70, 3533-3544; 
McLuckey, S.A., Reid, G. E., Wells, 1. M.,Anal. Chem., 
2002, 74, 336-346; Reid, G. E., Shang, H., Hogan, 1. M., 
Lee, G. U., McLuckey, S. A., 1. Am. Chem. Soc., 2002, 
124, 7353-7362; Engel, B. 1., Pan., P., Reid, G. E., Wells, 
1. M., McLuckey, S. A., Int. 1oumal Mass Spec., 219, 
2002, 171-187; Reid, G. E., Wells, 1. M., Badman, E. R., 
McLuckey, S. A., Int. 1oumal Mass Spec., 222, 2003, 
243-258; He, M., Reid, G. E., Shang, H., Lee, G. U., 
McLuckey, S. A., Anal. Chem. 2002, 74, 4653-4661; 
Hogan, 1. M., McLuckey, S. A., Journal of Mass Spec., 
2003, 38, 245-256 and Amunugama, R., Hogan, 1. M., 
NeWton, K. A., and McLuckey, S.A.,Anal. Chem. 2004, 
76, 720-727; 

[0014] (e) reaction of multiply charged ions With ions of 
the opposite polarity in partial vacuum pressure as 
reported by OgorZalek Loo, R. R., Udseth, H. R. and 
Smith, R. D., 1. Am. Soc. Mass Spectrom 1992, 3, 695 
705 and OgorZalek Loo, R. R., Lao, 1.A., Udseth, H. R., 
Fulton, 1. L. and Smith, R. D. Rapid Commun. Mass 
Spectrom. 1992, 6, 159-165; and 

[0015] (f) reaction of multiply charged ions With ions of 
the opposite polarity at atmospheric pressure as 
described by US. Pat. No. 5,247,842; Scalf, M.; West 
phall, M. S.; Krause, 1.; Kaufman, S. L. and Smith, L. 
M.; Science, Vol. 283, 1an. 8, 1999, 194-197; Scalf, M.; 
Westphall, M. S.; and Smith, L. M.; Anal. Chem. 2000, 
72, 52-60 and US. Pat. No. 6,649,907 B2. 

[0016] None of the techniques to effect charge reduction of 
multiply charged ions reported above cause reduction of the 
charge state of multiply charged ions at atmospheric pressure 
by mixing ions or neutral species in the gas phase produced 
from different liquid sample or gas inlets as is described in the 
present invention. 

Electron Transfer Dissociation of Multiply Charged 
Ions 

[0017] Electron Capture Dissociation (ECD), ?rst reported 
by McLafferty and co-Workers, Zubarev, R. A.; Kelleher, F. 
W. and McLafferty, F. W.; 1. Am. Chem. Soc. 120 (1998) 
3265-3266 and McLafferty, F. W.; Horn, D. M.; Breuder, K.; 
Ge,Y.; LeWis, M. A.; Cerda, B.; Zubarev, RA. and Carpenter, 
B. K.; 1. Am. Soc. Mass Spectrom. 12 (2001) 245-249, has 
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shoWn great promise as a highly complementary ion fragmen 
tation method in protein and peptide research. The ability of 
loW energy electron capture (<10 eV) to dissociate proteins 
and peptides along the amino acid backbone (breaking the 
amide nitrogen-alpha carbon bond), producing c and Z type 
fragment ions While retaining intact function groups and side 
chains, has greatly aided research in protein structure and 
function. ECD has been conducted exclusively in high 
vacuum and costly Fourier Transform Mass Spectrometers. 
Recently, Coon and coworkers, Coon, 1. 1.; Syka, 1. E. P.; 
SchWartZ, 1. C.; ShabanoWitZ, 1 and Hunt, D. E; Int. 1. ofMass 
Spectrom. 236 (2004) 33-42 and Syka, 1. E. P.; Coon, 1. 1.; 
Schroeder, M. 1.; ShabanoWitZ, 1. and Hunt, D. E; Proc. Natl. 
acad. Sci. USA (2004), reported an analog to ECD termed 
Electron Transfer Dissociation (ETD) conducted in a modi 
?ed linear ion trap. Radical anions and multiply charged 
proteins or peptides Were added separately and trapped in a 
linear ion trap modi?ed to trap positive and negative polarity 
ions simultaneously in a background pressure of approxi 
mately 3 millitorr. In the ETD process, ion-ion reactions 
occur Whereby an anion transfers an electron to a positive 
polarity multiply charged peptide or protein With suf?cient 
energy to cause rearrangement of a hydrogen radical leading 
to fragmentation of the protein or peptide backbone. This 
fragmentation pathWay produces c and Z type fragment ions 
that may remain noncovalently bound but can be dissociated 
in collisions With neutral background gas. By judicious selec 
tion of anion species coupled With an anion isolation step 
prior to ion-ion reaction, Coon and coWorkers found that ETD 
could be enhanced over charge reduction processes. Although 
ETD has been reported by Coon and coWorkers in a linear ion 
trap in partial vacuum, ETD has not been practiced in an 
atmospheric pressure ion source as described in the current 
invention. 

PhotoioniZation Combination Ion Sources 

[0018] PhotoioniZation has been conducted at atmospheric 
pressure, US. Pat. No. 6,534,765 B1, and invacuum US. Pat. 
No. 6,211,516 B1. Bruins and coinventors added toluene 
dopant through a pneumatic nebuliZer With vaporiZer heater 
sample inlet probe at atmospheric pressure to enhance the 
photoioniZation signal of positive polarity protonated and 
radical cation species. Bruins et. al. does not describe the 
addition of photoioniZed reagent ions produced from a sepa 
rate inlet probe and mixed With gas phase molecules produced 
from a separate sample inlet probe to generate sample ions. 
The API source con?gured and operated according to the 
invention alloWs the separate production of photoioniZed 
reagent ions from one liquid or gas inlet With mixing of such 
reagent ions With sample gas phase molecules produced from 
a sample solution inlet probe to generate ions from the evapo 
rated sample solution. Syagen has developed a commercially 
available combination APCI and Atmospheric Pressure Pho 
toioniZation Source (APPI) and a Combination ES and APPI 
source as described in Syage, 1. A. et. al., 1. Chromatogr. A 
1050 (2004) 137-149. The krypton discharge uv lamp and/or 
a corona discharge needle con?gured in the Syagen ion 
sources is used to ioniZe gas phase neutral sample and reagent 
molecules produced from the same pneumatic nebuliZer 
vaporiZer heater inlet probe. In the combination ion sources 
described, photoioniZation is conducted directly on the pri 
mary sample solution sprayed and vaporiZed. 

SUMMARY OF INVENTION 

[0019] The invention comprises an Atmospheric Pressure 
Ion source that is con?gured to conduct multiple operating 
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modes with rapid switching between operating modes manu 
ally or under software control and without the need to 
exchange hardware components. The ion source con?gured 
and operated according to the invention supports the follow 
ing functions individually or simultaneously; 
[0020] l. Electrospray ioniZation of a sample solution, 
[0021] 2. Atmospheric Pressure Chemical IoniZation of a 
sample solution with corona discharge generated reagent 
ions, 
[0022] 3. Atmospheric Pressure Chemical IoniZation of a 
sample solution with photoioniZation generated reagent ions, 
[0023] 4. The gas phase addition of a second population of 
ions to the sample generated ions for internal or external 
calibration of acquired mass spectra, 
[0024] 5. Charge reduction of Electrospray produced mul 
tiply charged ions through gas phase ion to molecule reac 
tions at atmospheric pressure, 
[0025] 6. Charge reduction of Electrospray produced mul 
tiply charged ions through gas phase reactions with ions of 
opposite polarity at atmospheric pressure, 
[0026] 7. Reacting positive multiply charged ions produced 
from Electrospray ioniZation with negative polarity reagent 
ions at atmospheric pressure to cause Electron Transfer Dis 
sociation of multiply charged ions at atmospheric pressure 
and 
[0027] 8. IoniZing samples from sample bearing surfaces at 
atmospheric pressure. 
[0028] The invention comprises a multiple function atmo 
spheric pressure ion source interfaced to a mass spectrometer. 
The multiple functions combined in one atmospheric pres 
sure ion source serve to increase the overall mass analyZer 
capability and performance. Multiple ion source functions 
improve the analytical speci?city and increase the speed and 
range of MS analysis for a wide range of analytical applica 
tions while lowering the cost of analysis. According to the 
invention, multiple inlet probes are con?gured in a multiple 
function API ion source and may be run individually or com 
bined to provide different ion source operating modes with no 
increase in hardware complexity. The invention allows rapid 
switching between multiple ioniZation and gas phase ion 
neutral or ion-ion reaction modes in offline or on-line opera 
tion. The multiple ion source functions can be complemented 
with further MS” analysis using an appropriate mass spec 
trometer that conducts one or more ion mass to charge selec 
tion and fragmentation steps. The multiple function ion 
source includes the ability to selectively generate ions 
through Electrospray ioniZation processes, Atmospheric 
Chemical IoniZation Processes PhotoioniZation processes 
and surface ioniZation processes individually or in combina 
tion. The multiple inlet probe ion source con?gured and oper 
ated according to the invention also enables the selective 
generation of calibration ions from one or more solution inlet 
probes that can be sampled separately or mixed with ions 
generated from a sample introduction probe during MS spec 
trum acquisition 
[0029] An API source con?gured according to the inven 
tion also allows the generation of ions from at least one 
additional liquid inlet probe having the opposite polarity from 
those ions generated from the sample introduction Electro 
spray probe. The opposite polarity ions from both inlet probes 
mix at atmospheric pressure allowing opposite polarity ion to 
ion reactions. In this manner, charge reduction or Electron 
Transfer Dissociation fragmentation of multiply charged ions 
generated from the primary Electrospray inlet probe can be 
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selected as individual or combined operating modes. Alter 
natively, selected neutral gas species may be introduced with 
the countercurrent drying gas or through an additional inlet 
probe to mix with the multiply charged ions generated from 
the Electrospray sample inlet probe. Ion to neutral reactions 
resulting in proton transfer to and from negative or positive 
polarity multiply charged ions respectively result in charge 
reduction of multiply charged ions at atmospheric pressure. 
Charge reduction of multiply charged ions, particularly of 
mixtures, spreads mass spectral peaks out along the measured 
mass to charge scale by moving multiply charged ion peaks 
further up the mass to charge scale and reduces the number of 
redundant multiply charged peaks for each molecular species 
appearing in the mass spectrum. Spreading the mass spectra 
peaks over a larger mass to charge range and reducing the 
number of multiply charged peaks per molecular species 
reduces mass spectrum complexity. Reduced mass spectrum 
complexity facilitates interpretation of mass spectra and 
effectively increases peak capacity by expanding the mass to 
charge scale and reducing the number of overlapping peaks. A 
sample solution containing proteins or peptides Electro 
sprayed from the sample introduction probe into the multiple 
function API source produces positive polarity multiply 
charged ions. Negative polarity reagent ions of selected spe 
cies produced from a second solution inlet probe spray can be 
mixed and reacted with the positive polarity multiply charged 
sample ions at atmospheric pressure resulting in Electron 
Transfer Dissociation of protein and peptide ions prior to MS 
analysis. Conducting a protein or peptide ion fragmentation 
step in the API source can be applied in a “top down” or 
“bottom up” approach for protein or peptide identi?cation. 
Ion source ETD can be further complemented by additional 
MS” fragmentation steps conducted in the mass analyZer, 
enhancing speci?city. 
[0030] Multiple modes of API source ion generation and 
ion reactions can be switched on and off rapidly to create and 
analyZe different ion populations from the same sample on 
line and in real time or off-line in batch sample analysis. Ion 
populations produced in the multiple functionAPI source can 
be further subjected to capillary to skimmer fragmentation 
and/or MS” fragmentation in the mass analyZer providing 
information rich data sets. Particularly in target analysis, such 
data sets can be applied to a range of automated data evalua 
tion functions providing answers to the analytical questions 
posed. Ion source operating modes can be rapidly switched 
using preprogrammed acquisition methods or based on data 
dependent decisions. Individual and combined Electrospray, 
APCI, APPI operating modes, according to the invention, 
allow quantitative analysis with minimum compromise in a 
linear dynamic range when compared to single ioniZation 
mode ion source performance. All proposedAPI source oper 
ating modes can be controlled and/ or switched through soft 
ware with no change of hardware or reconnections to external 
?uid delivery systems. 
[0031] In previously reported and commercially available 
single probe ES, APCI and combination ES and APCI 
sources, sample ions and reagent ions are generated from the 
same sample bearing solution. APCI reagent ions are gener 
ated using a corona discharge in single function APCI source 
or combination ES and APCI sources. The same solution that 
may optimiZe an LC separation or Electrospray ioniZation 
performance may not be the optimal solution for generating 
APCI or APPI reagent ions to maximiZe gas phase charge 
exchange ef?ciency or ioniZation of non polar and low proton 
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a?inity vaporized sample molecules. The API source con?g 
ured according to the invention With multiple inlet probes 
alloWs the optimization of solution chemistries for front end 
sample separation and/or ES ionization of the sample ?oW 
through the sample solution inlet probe While allowing inde 
pendent optimization of reagent ions or neutral gas reactant 
species introduced through additional inlet probes. Addi 
tional solution and gas inlet probes comprising in the ion 
source, con?gured according to the invention, alloW the inde 
pendent introduction of separate solution chemistries that are 
vaporized and/or ionized to provide optimal calibration ion 
species or gas phase ion or neutral reactions species When 
reacted With the sample introduction spray. Mixing tWo gas 
and ion populations generated from separate inlet probes can 
be optimized to enhance individual or combined ES, APCI or 
APPI ion generation from sample solution Electrosprayed or 
nebulized as a neutral spray. When operating multiple inlet 
probes to produce the same polarity ions, the reagent ions 
generated from the non sample inlet probes mix With gas 
phase ions and neutral molecules generated from the sample 
solution nebulized or Electrosprayed (With nebulization 
assist) from the primary sample inlet probe to promote gas 
phase ionization of the vaporized sample solution. By intro 
ducing reference standards to a second inlet probe solution, 
calibration ions can be generated simultaneously With reagent 
ions and mixed With the primary sample solution ions gener 
ated from the ?rst inlet probe. This alloWs the selective intro 
duction of calibration ions for internal or external calibration 
as Well as enhancing gas phase ionization of less polar com 
pounds independent from the sample solution introduction 
and ionization. The calibration sample solution is not intro 
duced through the primary sample solution ?oW channel 
eliminating contamination or carry over issues. 

[0032] Varying the neutral reagent molecule concentration 
and basicity can improve control of deprotonation of multiply 
charged species in the multiple inlet probe API source con 
?gured according to the invention While minimizing ion neu 
tralization and reagent molecule clustering. Selected reagent 
species can be introduced as neutral gas phase molecules 
mixed With the countercurrent drying gas, by spraying 
through a second ES inlet probe With no electric ?eld applied 
at the tip, by vaporizing a solution traversing the vaporizer of 
a second APCI inlet probe With no corona discharge applied 
to the exiting neutral vapor, or by adding reagent gas through 
the second probe nebulizer gas line. The gas phase reagent 
molecules introduced through the second inlet probe, or intro 
duced With the countercurrent drying gas, mix With the mul 
tiply charged ions produced from sample introduction Elec 
trospray probe. The ability to deprotonate a positive polarity 
multiply charged ion Will be a function of gas phase reagent 
molecule basicity and the gas phase proton a?inity of proto 
nated sites on the multiply charged ions. Desired deproto 
nated charge states can be achieved With selection of speci?c 
reagent molecule gas phase basicity in target analysis. Charge 
reduction With multiply charged negative ions can also be 
achieved in the multiple function API source con?gured 
according to the invention by introducing neutral gas species 
With suf?ciently high acidity. In atmospheric pressure ion 
molecule reactions, the acidic reagent molecule may donate a 
proton to deprotonated sites of multiply charged negative ions 
such as oligonucleotides resulting in controlled charge reduc 
tion Without neutralization. 

[0033] In one embodiment of the invention, the API source 
comprises at least tWo Electrospray sample introduction 
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probes con?gured With pneumatic nebulization assist and 
electrodes surrounding each Electrospray probe tip. The tWo 
ES inlet probes are con?gured so that the pneumatically nebu 
lized spray plumes generated from each inlet probe intersect 
to form a mixing region. A portion of the ions generated from 
either inlet probe individually or generated in the mixing 
region are sampled through an ori?ce into vacuum and mass 
to charge analyzed. One ES inlet probe can be con?gured to 
serve as the primary sample introduction probe and the sec 
ond ES inlet probe may be operated to provide an optimal 
reagent ion population in the mixing region to maximize 
atmospheric pressure chemical ionization of neutral gas mol 
ecules generated by evaporation of the sample solution Elec 
trosprayed or nebulized from the sample inlet probe. APCI of 
neutral species is performed in the mixing region Without the 
ion and neutral molecule population generated from the 
sample inlet probe traversing a corona discharge region. The 
second inlet probe spray can be turned off alloWing the pro 
duction of Electrospray-only generated ions from the sample 
solution. Conversely, voltage can be applied to the electrode 
surrounding the sample introduction inlet probe to minimize 
the production of Electrosprayed charged droplets producing 
a net neutral nebulized spray. The evaporating net neutral 
spray is then reacted With reagent ions generated from one or 
more additional ES inlet probes in the mixing region to pro 
duce an APCI ion population from the sample solution. With 
multiple inlet probes producing charged species, ES and 
APCI ions generated simultaneously from the sample solu 
tion can be sampled from the mixing region into vacuum for 
mass to charge analysis. 
[0034] In an alternative embodiment of the invention, the 
additional inlet Electrospray probes are replaced With one or 
more APCI inlet probes comprising a pneumatic nebulizer, 
vaporizer heater and a corona discharge needle. The one or 
multiple additional APCI probe positions are con?gured to 
optimize the mixing of reagent ions and neutral gas species 
generated in the APCI vaporizer and corona discharge regions 
With the sample inlet probe spray. Similar to the multiple 
Electrospray inlet probe embodiment, the sample introduc 
tion ES probe and additional APCI probe embodiment can be 
operated to generate ES or APCI only ion populations, or 
mixtures of both, that are directed into vacuum for mass to 
charge analysis. In an alternative embodiment, an additional 
APCI probe comprises an ultraviolet light source to enable 
production of a photoionized reagent ion population that is 
directed into the mixing region. The invention includes the 
selective generation of reagent gas phase ions and neutral 
species by Electrospray, Corona Discharge or Photoioniza 
tion independent from the population of ion and neutral gas 
phase species generated from the sample introduction probe. 
Sample neutral molecule and ion populations mix With the 
independently generated reagent ion and neutral gas popula 
tions to produce selected ES and APCI ion species that are 
directed into vacuum for mass to charge analysis. 

[0035] In an alternative embodiment of the invention, 
selected gas neutral or opposite polarity ion species can be 
mixed With the ES generated sample spray to cause charge 
reduction or to effect atmospheric pressure Electron Capture 
Dissociation of multiple charged ions generated from the 
sample inlet ES probe. Neutral gas species can be introduced 
by mixing reagent molecule species With the countercurrent 
drying gas or With the non sample inlet probe nebulizer gas. 
Alternatively, reagent molecules can be produced from solu 
tion vaporized through introduction from a non sample inlet 
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probe. In an alternative embodiment according to the inven 
tion, a second ES, APCI or APPI inlet probe can be operated 
to produce ions of opposite polarity from those ions generated 
from the sample introduction ES probe. The simultaneously 
produced opposite polarity ion populations are combined in a 
mixing region at atmospheric pressure. Reacting ions of 
opposite polarity With multiply charged ions generated from 
the ES sample inlet probe can result in charge reduction of the 
initial ES generated ion population at atmospheric pressure 
[0036] In one embodiment of the invention, at least one 
non-sample solution inlet probe produces a gas phase ion 
population that is directed to impinge on a sample bearing 
surface. The ions impacting on the sample bearing surface aid 
in the evaporation and ioniZation of the sample on the surface 
When combined With rapidly sWitching of the electric ?eld at 
the surface With or Without a laser desorption pulse. 

[0037] In all embodiments of the invention, populations of 
ions can be generated from one or more sample inlet probes 
Where they may be directed into vacuum for mass to charge 
analysis, mixed With other ion populations simultaneously 
generated at or near atmospheric pressure prior to sampling 
into vacuum for mass to charge analysis, or reacted With 
independently generated ion or neutral species at or near 
atmospheric pressure folloWed by mass to charge analysis of 
the product ion population. Calibration ions generated from 
solutions introduced through non-sample inlet probes can be 
mixed With sample-generated ions prior to mass to charge 
analysis to provide calibration peaks in an acquired mass 
spectrum. Alternatively, the calibration ions can be mass to 
charge analyZed, not mixed With sample related ions, to pro 
vide mass spectra that can be used for external calibration. All 
modes of API source operation, according to the invention, 
can be rapidly sWitched on or off through event-dependent 
program control, or preprogrammed or user interactive soft 
Ware control. 

BRIEF DESCRIPTION OF FIGURES 

[0038] FIG. 1 is a diagram of an Electrospray ion source 
including tWo Electrospray liquid inlet probes con?gured to 
spray in opposite directions With an intersecting spray region. 
[0039] FIG. 2 is a diagram of an atmospheric pressure ion 
source comprising tWo parallel Electrospray liquid inlet 
probes and a combined Corona Discharge APCI and Photo 
ioniZation liquid inlet probe oriented to provide a mixing 
region for the probe outlets. 
[0040] FIG. 3 is a diagram of anAPI source con?gured With 
tWo Electrospray liquid inlet probes positioned to provide 
mixing of a portion of each spray. 
[0041] FIG. 4 is a diagram of anAPI source con?gure With 
tWo Electrospray liquid inlet probes oriented at different 
angles and positioned to provide intersecting sprays. 
[0042] FIG. 5 is a diagram of a multiple inlet probe ion 
source With three Electrospray liquid inlet probes and a com 
bination corona discharge APCI and PhotoioniZation liquid 
inlet probe all positioned to provide a mixing region for the 
probe outlets. 
[0043] FIG. 6 is an alternative along the vacuum ori?ce axis 
of the multiple inlet probe API source shoWn in FIG. 5. 

[0044] FIG. 7 is a diagram of the API source comprising 
three Electrospray inlet probes positioned to spray at an angle 
to the API source centerline. 
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[0045] FIG. 8 is a diagram of the multiple function API 
source comprising one Electrospray and tWo corona dis 
charge APCI liquid inlet probes all positioned to provide a 
mixing region. 
[0046] FIG. 9 is a diagram of an API source including one 
Electrospray probe and a sample target probe con?gured so 
that the ES spray impinges on the target probe surface. 
[0047] FIG. 10 is a timing diagram shoWing sWitching 
betWeen ES and APCI operating modes. 
[0048] FIG. 11 is a timing diagram shoWing sWitching 
betWeen single and opposite polarity ion production. 
[0049] FIG. 12 is a mass spectrum shoWing the addition of 
calibration ions produced from a second ES inlet probe to the 
sample ions produced from a ?rst ES inlet probe using the API 
source con?guration as diagramed in FIG. 1. 
[0050] FIG. 13 is curve shoWing the mass spectrum signal 
of Indole Electrosprayed into anAPI source con?gured simi 
lar to that diagramed in FIG. 1 With and Without the second 
Electrospray probe turned on. 
[0051] FIG. 14 includes tWo mass spectra shoWing charge 
reduction of Electrosprayed Neurotensin due to ion reactions 
With neutral diethylamine molecules introduced With the dry 
ing gas in anAPI source con?gured similar to that diagramed 
in FIG. 1. 

DETAILED DESCRIPTION OF THE INVENTION 

[0052] One embodiment of the invention as diagramed in 
FIG. 1, comprises tWo Electrospray sample introduction 
probes con?gured in an Atmospheric Pressure Ion source 
interfaced to a mass spectrometer. Multiple inlet probe API 
source 4 comprises Electrospray inlet probe 1 and Electro 
spray inlet probe 2. Sample solution 8 is introduced through 
liquid inlet port 7 into Electrospray sample inlet probe. Nebu 
liZation gas 3 is introduced into Electrospray probe 1 through 
channel 5. ES inlet probe 1 drying gas 100 passes through 
?oW control valve 101, heater 102, channel 103 and exits 
through gas distribution collar 104 as heated drying gas 105 
?oWing coaxially in the direction of Electrospray plume 41. 
Infrared lamp 57 may be turned on to provide additional 
enthalpy to aid in the evaporation of liquid droplets in Elec 
trospray plume 41. One or more infrared lamps 57 may be 
con?gured in ion source chamber 50 and operated With or 
Without auxiliary drying gas 105 to promote the drying of 
liquid droplets in Electrospray plume 41. Different reagent, 
calibration or sample liquids can be selected through chan 
nels 10, 11 and 12 using valve 13. Reagent solutions Electro 
sprayed from ES inlet probe 2 may comprise very clean pure 
solvents or solvent mixtures. The selected solution passes 
through channel 14 and port 15 into Electrospray inlet probe 
2. NebuliZation gas 17 passes through pressure regulator 26, 
valve 18, junction 19, gas heater 20 and channel 23 into 
Electrospray inlet probe 2. Auxiliary gas 24 can be added to 
nebuliZer gas 17 through valve 25. The positions of Electro 
spray inlet probes 1 and 2 can be adjusted using translator 
stages 21 and 22 respectively With manual or softWare con 
trol. Ring or cylindrical electrostatic lens 28 surrounds exit 
end 31 of Electrospray inlet probe 1. Similarly, ring or cylin 
drical electrostatic lens 30 surrounds exit end 32 of Electro 
spray inlet probe 2. Countercurrent drying gas 33 passes 
through pressure regulator 54 junction 53, gas heater 34 and 
channel 35, exiting as heated counter current drying gas 37 
into API source chamber 50 through opening 43 in nosepiece 
electrode 38. Nosepiece electrode 38 attached to endplate 39 
comprise a single electrostatic lens that is heated by counter 






















